
Summary

The Mechanical Components Branch at NASA Glenn Research Center hosted a

workshop on Tuesday, May 14, 2002 to discuss space mechanisms technology. The theme for

this workshop was "Working in the Cold," a focus on space mechanisms that must operate at low

temperatures. We define "cold" as below-60 °C (210K), such as would be found near the

equator of Mars. However, we are also concerned with much colder temperatures such as in

permanently dark craters of the Moon (about 40K).

Introduction

This was the second in a planned series of space mechanisms technology workshops

sponsored by the Mechanical Components Branch at NASA Glenn Research Center. The

previous workshop in November 2000 considered space drives, mechanical transmissions that

perform as speed reducers to match the high speed, low torque output, typical of electric motors,

to the low speed, high torque required to operate machinery. This workshop focused on space

mechanisms that must operate at low temperatures. We define "cold" as below -60 °C (21 OK),

such as would be found near the equator of Mars. However, we are also concerned with much

colder temperatures such as in permanently dark craters of the Moon (about 40K).

These low temperatures present challenges for mechanisms design. At extreme

temperatures, conventional liquid lubricants (including grease) may not be feasible, therefore

either solid lubricants must be used, provision must be made to heat lubricants, or some

unconventional lubricant may be considered. The goal is to identify the problems caused by

these conditions and to project what resources will be needed to support future missions.

This report summarizes the nine presentations on space mechanisms technology given at

the workshop.

Overview of Glenn Mechanical Components Branch Research

Mr. James Zakrajsek, chief of the Mechanical Components Branch, gave an overview of

research conducted by the branch. Branch members perform basic research on mechanical

components and systems, including gears and bearings, turbine seals, structural and thermal

barrier seals, and space mechanisms. The research is focused on propulsion systems for present

and advanced aerospace vehicles.

For rotorcraft and conventional aircraft, we conduct research to develop technology

needed to enable the design of low noise, ultra safe geared drive systems. We develop and

validate analytical models for gear crack propagation, gear dynamics and noise, gear diagnostics,

bearing dynamics, and thermal analyses of gear systems using experimental data from various

component test rigs.

In seal research we develop and test advanced turbine seal concepts to increase efficiency

and durability of turbine engines. We perform experimental and analytical research to develop

advanced thermal barrier seals and structural seals for current and next generation space vehicles.

NASA/CP--2002-211882 1



Ourspacemechanismsresearchinvolvesfundamentalinvestigationof lubricants,
materials,componentsandmechanismsfor deepspaceandplanetaryenvironments.

Mechanical Components Branch
NASA Glenn Research Center

"Performing reseamhand devetoamemIF_mocnaFiIC81 comber?eRie

to _merovethe oerformance, rehabili_Eand inteonty

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
_i!iiiii:iiiiiii_iii_iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii!_::

ii_illlli:i:i::::iliI_"

...... _echan_ms

__ Apphca_ons

NASA/CP--2002-211882 2



iiiiii̧¸ i iiiiiii!iii!i!iiiiiii!iiiiiii i: iiiiiii!!i ::::

Mechanical Components Branch

:dr!_e systems J_#dCadQnand

se_ adepi_g seess

_enegemen_

.... dn.vesyst¢_ c_yae_!.C_e_ _
noise

s_tuct_al seets de_e#pmeh_

: gea_ tatig#e

_ubnca_fo_ m spe_
enw_-o_ment

spa_e ae_honfsms deS_gn :

iiii!iii!iii!iii!ii!iiiiiiiiiii iiiiii̧¸ iiiiiiiii!iiiiiiiii!iiiiiiiiiii !i::̧ ii iiiiiii!!

...............Mechanical Components Branch

...............Seal l _he_mal Bander Developmen{ fo_ Space _ranspoAation Programs ....

................ ASSiSt_ SC i_ deye!opi_g Com_Eg!Developed _erma! bander to bl8ck
SuilaCe seals

rings in space s hUrtle SOlid ReCUr............................................... s:_a_e hardware
MOtor

I

1 :

.............................................. llliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiilii
"_N .....

%

e:Ogine rn_dN!e_

NASA/CP--2002-211882 3



iiiiiiiii /i iiiii ¸¸ ii iiiiiiiiiiiiiiiiiiiiii i iiiiiii ¸¸¸

Mechanical Components Branch

__;iiiiiiiiiiiiiiiiiiiiiiiiiiiiiii?i_!_!_!____iiiiii____!i_i_iiiiiiii_iiiiii_i_i_i_i__iiiiiii¸"

echanica Cemponen{s Branch
iil iiiiiiiiiiii

?o_ri iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii!i_iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii_i
_i_

iiiliiiiiiii!ii_iii!!ii_iiiii_iii!!ii_ii_i_!iii_i!iliiii

!

NASA/CP--2002-211882 4



Branch

Gear Design Guide for Failsafe Operation

fractures but

corresDor ding tool_l

on "second" rim Typical Design Mapcontinue_ to carry

full load 1.8

1.2

120 110 100 90 80 70 60 50

Initial crack Ioc_¢ion, _# (deg)

echanica Components Branch
iil iiiiiiiiiiii

..............................................................................system .......................................................................................
for Increasing Reliability ef Health Monitoring Systems

Vibration and Oil Debds Data Output of

Fuz_ Logic Model

NASA/CP--2002-211882 5



Branch

Technologies to Reduce Gear Noise at the Source

High Speed Gear Transmission Error Measurement System

Mechanica Compo nents Branch

Space Mec ha nisms EXperi m ent aI Faci lities _ NAS A Glen n R esear ch Ce nter

New proof-of-concept traction

drive test unit with vacuum cube

;; ; ii iiiiii ¸¸¸ iiiiii iii/¸¸ i iiiiiiiiii

Vacuum rollertest rig

NASA/CP--2002-211882 6



iii iii iii /i iiiii ¸¸ ii iii iiii iiiiiiiiiiiiiii i iiiiiii ¸¸¸

iiii iiiiiiiiii

_SpaiceiMechaniisms!Resea[chii_ii

iiiiiiMai_siiiiiiP!atih_nderiAbiraisiiive!!i!iWiheeliiiExpedimentili_Telstil

iiiiiiiiiiii

Gecto
Martian atmosphere and simulated

Martian soft: .......

Pa_1%der

echanica Cemponents Branch
iiiiii!

......

!6 5 MethC t_n iSvers pl_n_ed fO_
c,future manned Mars missions

on :500Kin 10 day exc urSions

,Mustbe lighb_veight

ust be':el4ree _ and capab of

Ope_at!_g:in e_eme C_ld an:d dU:stY
_c,ndi_ion_

NASA/CP--2002-211882 7


